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panunggalbinar@gmail.com Abstract. The coverage of environmental
lead toxicant was quiet wide. Lead exposure recently has been expected
to be associated with zinc deficiency and blood indices disturbance.
Emphasizing on children, which could absorb more than 50 o/o of lead
that enters the body. Lead became the issue on the coastal area due to
it has polluted the environment and waters as the source of fisheries
products. This was a cross sectional study to determined nutritional
status, blood lead levels, zinc serum levels, blood indices levels, fish
intake among school children in coastal region of Semarang. This study
was carried out on the school children aged between 8 and 12 years old
in coastal region of Semarang. Nutritional status was figured out using
anthropometry measurement. Blood lead and zinc serum levels were
analyzed using the Atomic Absorbent Spectrophotometry (AAS) at a
wavelength of 213.9 nm for zinc serum and 283.3 nm for blood lead.
Blood indices was measured using auto blood hematology analyzer. Fish
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intake was assessed using 3- nonconsecutive days 24-hours food recall.
The children had high lead levels (median 34.86 Pgldl, range 1L.46'
58.85 pgldl) compared to WHO cut off. Zinc serum levels was low
(median 18.10 Vgldl, range 10.25 - 41.39 tlg/dl) compared to the loint
WHO/UNICEF/IAEA/IZiNCG cut off. Approximately 26.40/o of children
were anemic. This study concluded that all school children had high
blood lead levels, low zinc serum, and presented microcytic hypochromic
anemia. This phenomenon should be considered as public health
concern. Keywords: blood lead, zinc serum, coastal region, microcytic
hypochromic anemia, school children 1. Introduction Zinc (Zn) is an
essential trace element plays role as a cofactor of more than 100
metaloenzym, plays an important part in cell regeneration. metabolism,
growth and immune function [1]. Zinc deficiency is associated with
suboptimal growth, diarrhea, and decreased of immunity [2]. World
Health Content from this work may be used under the terms of the
Creative Commons Attribution 3.0 licence. Any further distribution of
this work must maintain attribution to the author(s) and the title of the
work, journal citation and DOI. Published under licence by IOP
Publishing Ltd 1 2nd International Conference on Tropical and Coastal
Region Eco Development 2016 IOP Conf. Series: Earth and
Environmental Science 55 (2017) 012058 IOP Publishing
doi : 10. l0BSl t755-L3L5155/ LlOL2058 Organization (WHO) estimates
the prevalence of zinc deficiency in the world's population is ranged
between 4 and 73olo. Additionally, about 5 to 30o/o zinc deficiency has
occurred in children and adolescents both in developed and developing
countries [3]. Especially in the developing countries, harmful
environmental exposure recently has been associated with the
deficiency of Zn. Nutritional zinc deficiency can be caused from lead (Pb)

exposure through dangerous cycle that increases lead absorption and
increases Zn secretion consecutively [4]. Previous studies in animal
experiments summarized that the conditions of marginal Zn deficiency,
could increase blood lead levels in the presence of Pb exposure [5,6].
Among school children, chronic Pb exposure is correlated with nutritional
deficiencies, anemia, impairments to physical growth, cognitive deficient
and learning disorders [7 - 10]. Anemia is a major public health problem
especially in developing countries. Additionally, WHO reported that of
25,4olo anemia has been found in school children [11]. Anemia isa state
of decreasing of erythrocytes and hemoglobin, whereas those condition
impaired its function to carry oxygen through body tissues sufficiently
[12,13]. Hemoglobin is composed of four globin chain polypeptide
whereas in each chain contains a heme molecule containing Iron [14].
As well as iron, zinc also plays an important role in the formation of
hemoglobin. In heme biosynthesis, 6-ALA dehydratase enzyme that
catalyzes charge 2 6- ALA into molecules that is highly dependent on
zinc [15]. A study conducted in Atlanta gives us information that there
is a significant correlation between serum zinc concentrations and
hemoglobin levels since children who suffered iron deficiency anemia
tend to be deficiency of zinc serum [16]" Normal zinc level has a
consequence on erythrocytes life period, due to zinc contributes in
protecting erythrocytes from oxidative stress and cell damage [17]'
Increasing of blood lead levels could also interfered with erythropoiesis
by inhibiting the synthesis of protoporphyrin and the absorption of iron
(Fe) thus increasing the risk anemia. Fufthermore, lead also affects the
morphology of erythrocytes [18]. Nowadays, rapid growth of
industrialization and its waste became environmental issues in coastal
region of Indonesia. The industrial waste that was dumped in the coastal
region induced the increasing level of lead pollutant in this area [19].
The coverage of environmental lead toxicant was quiet wide, including
the exposure of fisheries products, public water source, and air pollution
[20]. Lead exposure among children is an increasing problem globally,
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operated using the Atomic Absorbent Spectrophotometry (AAS) at a
wavelength of 213.9 nm for zinc serum and 283.3 nm for blood lead

(shimadzu AA6401t Japan). Biochemical measurement r,vas organized
in the micronutrient and IDD Center laboratory, Diponegoro University,
Indonesia. Dietary assessment was conducted to determine fish intake

among this population. The three- non consecutive days 24-hour food

recall method was carried out to describe fish intake. In this study, Iocal

flsh products have also been collected from this coastal area.

Environmental assessment has been conducted on drinking Water

samples were collected using standard methods. Lead contents from fish
products was measured using Spectrophotometry. Lead analysis of local

fish products and drinking water samples were carried out in Center of
Prevention on Industrial Pollution Laboratory, Ministry of Industrial,
Republic Indonesia. 2.3. Statistical analysis The SPSS for IBM version 19

and Microsoft excel software were performed for statistical analysis. All

the study variables were tested for normality by the Kolmogorov-
Smirnov test, The Mann Whitney test was operated to compare the
blood lead levels and zinc serum levels between subjects with anemia

and non anemia. The Correlation between blood lead level and serum
zinc, hb, ht, RBC, mcv, mch, and ferritin were performed using

Spearman rank's correlation analysis. Statistical significance was

considered when p value < 0.05. 2.4. Ethics The study protocol was

approved by the Board of Medical Ethics on Faculty of Medicine

Diponegoro University I Dr. Kariadi Hospital with no. s34lEClFK-
RSDlq2015. The participants, who were recruited in this study, clearly
informed about the purpose of investigations and expected outcomes,
Informed consent was obtained and signed by the parents of the
subjects before the study began. 3 2nd International Conference on

Tropical and Coastal Region Eco Development 2016 IOP Conf. Series:
Earth and Environmental science 55 (2017) 012058 IOP Publishing
doi : 10.1088/1755-13L5155/L|OL205B 3. Results 3' 1. Demographic
characteristics of respondents The coastal region in this study was taken
place at Tambak Lorok area, the nodhern area of Semarang, Central
Java. This area borders along with java sea. The main harbor of Central
Java province has been located in this coastal area. Industrial area that
was built in this region may contributed to environmental and health
problems issue. Figure 1 depicts environmental situation in this coastal
region. Figure 1. Environmental situation of Semarang coastal region
(authors documented). 3.2. Biochemical data analysis Table 1 shows

values of haemoglobin, hematocrit, red blood indices, zinc serum levels,

blood lead levels among all children. All subjects had blood lead levels >
10 (Ug1dl), low zinc serum levels (< 65 Ugldl), and median of ferritin
describes < 15 ng/ml. liable 1. Mean, SD, median, minimum and

maximum values of blood indices, zinc serum, blood lead levels, and

ferritin among subjects (N=72) Biochemical parameters Median Range
(min - max) Haemoglobin tgldl) Hematocrit (gldl) RBC (x106 mm3)
MCV(p3) MCH MCHC Ferritin (ng/ml) Zinc serum (pgldl) Blood Lead

Level (pgldl) 12.S5 35.40 4.8274.45?7.AA 36'30 13'56 18.10 34'86
10,00 - 15,6 28,7A - 44,7O 4.2L - 6.00 52.10 - 81.05 18'10 * 29.7O

34.10 - 38.30 2.28 - 44.68 10,25 - 4I,39 Lt.46 - 58.86 This study
was carried out to 72 children with age range from 9 to13 years with a
mean value of 10.16 + 1.02 years. Approximately 66.7olo of children's
age were categorized between 9 and 10 years old. 4 2nd International
Conference on Tropical and Coastal Region Eco Development 2015 IOP

Conf. Series: Earth and Environmental Science 55 (2017) 012058 IOP

Publishi ng doi : 10. 108 Bl L7 55-L3L5 I 55 I tl Ot205B Surprisingly, about
90.3olo of children were stunting, consists of mild stunting 34.74/o,

moderate stunting 45.8o/o, and severe stunting 9.7a/o. We can see from
table 1 about 26.40/o children were anemic. Fatherb occupation of
subjects largely as fisherman (59.7olo). Both father and mother of
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children had literate, mostly graduated from senior High school (father

5L.4o/o, mother +s.j"r"l iralt-" z). rrnt" 2. characteristics of school age

children (N=72) Cniraaerrstics N (o/o) sex Male Female Age 9 - 10 11 -
12HeightforAgeNutritionalstatusNormalMildStuntingModerate
StuntingsevereStuntingAnemiaStatusAnemicNonAnemicFather
literacy Graduated etemlntary school Graduated junior high school

GraduatedseniorhighschoolMotherliteraryGraduatedelementary
school Graduated:u-nioi high school Graduated senior high school

Fathert occupation Salesman Fisherman Labor Mother,s occupation

Household Satesman Lnot 39 (54'2) 33 (45'B) 4e G6'7-) 24 (33'3) 7

{s.7) 2s (34.7} s=l+i.el 7 {s.i) 1e (26'4) ss (73'5) 13 (18'1) 22

(30.6) 37 (s1.4) G di-zl zs fjl-'e] 33 (4s'8) s (6's) 43 (se'7) 24

(33.3) 36 (50.0) z1i.al dq @i'z) Comparison between mean values of

different hematologi"ur pu.r*"ters, blood lead levels, zinc serum levels

and serum ferritin in anemic and non anemic were figured out in this

study(Table3)'Regardingthehematologicalparameters,nearlyall
valuesweresignificantlyloweramongtheanemicthanthenon-anemic
g.orJ except for blood iead levels, which showed a highly significant

elevation among thl anemic group. However, according to World Health

organization (wHot.ri"n r* ologa tead tevels, all children in this

;irdy had a biood lead >r0 ug/dl (high blood lead level group

{HBLLS})'AsfortheRBC"*nt,ferritin,andzincserum,nostatistically
significant differenie was detected between the groups' 5 2nd

iriternational Conference on Tropical and Coastal Region Eco

Development2016IoPConf'serieslEarthandEnvironmentalScience
5s (2017) 012058 IOP Publishing doi: 10.1088/1755-1315/55/U012058

Table3.Comparisonbetweenmeanvaluesofdifferenthematological
parameters , zinct;J;, blood lead levels' and serum level of ferritin in

anemic ano non-un1*i. g.oupr. Biochemical Anemic Group (N=19) Non

AnemicGroup(N=53)TestofparameterssignificanceRBC(x106mm3)
4.82 +o.49 4.88 + 0.33 t = - 0.56 F = 0'58 Hb (g/dl) 11'65 + 0'62

13.26 +O.77xt=-9'03P = 0'000Hct32'66 +L'4436'47 * 1'BB*t=

- 9.05 p = 0.000 MCV(u3j 68'43 + 7'50 74'89 + 3'74* t = - 4'84 p =

0.000 MCH 24.45 + 3.b5 27.26 + 1'65#* t = - 5'01 F = 0'000 MCHC

35.66+a.g236.39+0.75*1=-3.09P=0.005Ferritin(ng/ml)15.59
+ 8.39 15.36 + B.is t = 0.10 p = 0.92 Zinc serum (pe/dl) 20,13 + 9.!4

2a.44+8.311=.o.t2p=0.goBloodleadlevel(r:g/dl)41.95+10'51
32.03+10.33xxt=3.52P=0.001*independentt-testwere
performed (significani if p<0.05) xxlvtann whitney test were performed

(significant it p"o.oil rabte + reveals the correlation between the

differentredbloodindices,Serumzinclevelsandthebloodlevelsof
lead. Blood lead levels nad a significant negative correlation with

haemoglobin, hematocrit, and zinc serum (r = -0'330 ' r = -0'328'

respectively p<O.OOS und ' = -O'265' p < 0'05)' Tab]e 4' Correlation of

differenthematologicalparameters,serumironandferritinlevelsin
relation to blood tl"ao, copper and zinc. Hematological parameters Blood

leadlevelszincserumlevelsr-value(p-value)*ya!Y:(p-value)RBC.
(x106mm3)-o.ooo(0'585)-0.12-8(.o.zss)Hb(qidl)-.0'330(0.005)
0.119 (0.31e) Hct -0.328 (d'oos) 0'to1 (0'396) MCV(u3) 'a'L24

(0.298) 0.130 o"zto) r'lci -o'r09. (0'363) 0'.14S-(!,2-r+1 MCHC -0'106

(0.37s) a.L44 fi.1zti Ferritin (nglml) 0'178 (0'13s10'07s (0'52e) Zinc

serum tevels -0.rG ('o.ozs) grood lead levels - - -0'265 (0'025) 3'3'

EnvironmentalassessmentEnvironmentalassessmenthasbeen
conducted on orin[ing water samples and dietary fish intake. Local fish

products*",".ott".t-*dbasedontheinformationfromdietaryfish
intake interview. iead content of drinking water and local fish products

can be seen in Table 5. 6 2nd International conference on Tropical and

coastal Region ico Development 2016 IOp conf. series: Earth and

Environmental S.ience 55 (2017) 01205e IOP Publishing

doi:10.108s11755-13 L5l5ilttOL2058 Table 5' Fish intake (g per dav)
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and lead levels of drink water and local fish products Parameters Mean

Median Range (min - max) Fish intake (O/day;40 10,0 - 128 Lead from
drinking water 0 0 (Ug/dl) Lead from some type of fish (mg/Kg) - Green
mussels (Pena 1.13 viridis) - Scallop shell (Anadara 0.76 granosa) -
Kipper fish 0.18 (Scatophagidae) - Snapper fish (Lates 0.13 calcalifer) -
Mullets fish (Mugil 0.18 cephalus) 4, Discussion All school children in

this study (100o/o) had BLL > 10 pg/dl and zinc serum levels < 65 pgldl,
similar to a study done by Hegazy et al [7]. who also repofted about
more than a half subjects (63.3olo) had BLL > 10 ttgldl. However the
current study is similar to the results obtained for children population in

India [24]. The cut off value of l0 ttg/dl defined by the WHO guideline
for Childhood Lead Poisoning as a limit for an elevated blood lead level
primarily is based on neurological toxicity and has wide range of toxicity
including neurobehavioral impairment [21]. Recently, even though blood
lead levels (BLL) less than 10 pg/dl is considered safe, a study
confirmed that BLL < 10 ttgldl has associated with cognitive deficits
[25]. Thus our data showed all children had low zinc serum levels (< 65

Ug/dl). The loint WHOIUNICEF/IAEA/IZ|NCG asserted zinc serum levels
< 65 Ugldl has been recognized as serious public health problems [26].
Schwartz et al [28] reported that children living near lead smelters in
the US of ldaho, had blood lead levels approximately 25 ;tgldl and were
correlated with anaemia. In addition, Jain et al [29]. reported that
children with BLL >10 ug/dl had 1.7 times risk to be moderate anaemia,
in contrast with our finding showed that 73.60lo of children had normal
haemoglobin. Froom et al [30]. suggested that haemoglobin level did
not correlate well with BLLs. l"lowever, our finding described that Hb,
Hct, MCV, MCH and MCHC values of children with anaemia lower in
comparison to anemic group. Moreover high BLLs has negatively
associated with lower zinc serum and some blood indices levels. Lead
absorption occurs predominantly in the duodenum and jejunum. The
process of lead entry into the body may carry on through food, drink or
by air: Approximately 90 o/o of lead absorbed by the blood binds to red
blood cells [27]. The children absorbed up to 50o/o of lead from food
and/or drink through the gastrointestinal tract and will be included in
the metabolic processes of the body. Those lower red blood indices is
similar with hypochromic microcytic anaemia which can be caused by
blood lead toxicity [7]. Lead causes anaemia by impairing heme
synthesis and increasing the rate of red blood cell destruction [31].
Although a causal pathway cannot be determined, yet the study findings
clearly demonstrate the differences of BLLs between anaemia status. In
the present study zinc serum level of the anemic group is insignificantly
different than non- anemic group. Lead (Pb) has the same valiancy
number (Pb2+) as zinc (ZnZ+) and iron (Fe2+), whereas on the cellular
transport by DimetalTranspofter-1 (DMT-l) competition may be
occurred [32]. Lead (Pbz+) will always be dominant to carry on by
DMT-I because of its density higher than Zn2+ and Fe2+ 7 Znd
International Conference on Tropical and Coastal Region Eco

Development 2016 IOP Conf. Series: Earth and Environmental Science
55 (2017) 012058 IOP Publishing doi: 10,1088/1755-1315/55/UALZAS9
[27]. Lead (Pb) inhibits 6-ALA dehydratase enzyme that catalyzes 6-A13
into molecules, which is highly dependent to zinc on haemoglobin
synthesis [15]. in the current study high BLLs among school children
may be due to air pollution, sewage contamination, and probably from
food consumption which were contaminated with Lead (Pb). Based on
dietary interview, children consume fish regularly (range between 10
g/day and 128 g/day). Thus based on lead measurement content on
some fish products showed variety lead content (mglKg fish products),
green mussels (Pena viridis) had the highest content of lead
(1.13m9/Kg). Green mussels (Pena viridis) has been vended on street
food vendor near by school building. However a causal pathway between

6 of8 19105/2021,18:42
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some fish products intake and blood lead levels cannot be firmed only
from this data. A large epidemiology study on general northern coastal
communities should remain a concern because of the nature of
accumulation. In developing countries such as Indonesia, control of lead
contamination is much slower and the negative health effects getting
more sporadic. The present work revealed that lead contamination
should be considered as public health concern in northern coastal
population of Semarang. Central Java, Indonesia. 5. Conclusion In the
present study, all subjects has high blood lead levels (BLLs) and low zinc
serum. Blood lead levels (BLLs) were negatively associated with the
hematological parameters and zinc serum levels. Lead (Pb) was not
presented in drinking water; but Pb was discovered in some fish
products that may be regularly consume by the children. Lead exposure
could be controlled and strides should be taken to reduce zinc deficiency
and anaemia among children population at coastal region. 6. References
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